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Abstract 
The crystal attitude is necessary to be adjusted with the Bragg angle adjustment process because these crystals are 
moved to keep a fixed exit beam position and other reasons. The adjustment accuracy of these crystals attitude has 
some influence for Bragg angle, and the energy accuracy of output beam is affected father. These relationships 
between Bragg angle accuracy and crystal attitude angle are given. The analyzing results show that yaw angle of the 
first crystal has no influence over Bragg angle. Roll angle and pitch angle of double crystals have different influence 
over Bragg angle. 
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1. Instruction 
When high-speed electron is passing bending magnets in a ring accelerator, electromagnetic radiation 
is produced along the tangent direction of the electron orbit which is called synchrotron radiation. It has 
many benefits such as high intensity, wide-band, sub-nanosecond time structure and high stability, and 
many other excellent performances in physics, materials, chemistry, life, micro-processing technology. 
Synchrotron radiation has become a most powerful and most widely tools of modern science and high-
tech development[1]. It played an important role with the rapid development of science and technology in 
the world in the past three decades. Beam line is a major part of application of synchrotron radiation, 
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which will be "cut" synchronized light into the required energy (wavelength) the beam spot size, energy 
resolution, degree of polarization and divergence of the beam through different optical systems[2]. The 
outputting monochromatic light provide to the experimental station to apply research. Monochromator is 
the core equipment in beam line, which is is the "heart" of the beam line[3，4].  
Double-crystal monochromator achieves monochromatic diffraction through the crystal lattice. The 
peak wavelength of emitting light is determined by the lattice constant, Bragg angle. In actual use, the 
crystal is not easy to be changed, so the crystal lattice constant is fixed[5]. While  people tend to adjust the 
Bragg angle to obtain different outgoing wavelengths. The crystal will change the attitude to bring impact 
to monochromatic monochromator efficiency while the Bragg angle adjusting because of the crystal 
holding mechanism, a maintain institutions of fixed exit beam position and other reasons.  
2. The basic principles of double-crystal monochromator[6] 
When the X-ray beam incident on the crystal surface, crystal surface select light of some wavelength to 
be reflected, which meet the conditions of Bragg diffraction. Beams of different wavelengths of reflected 
X-rays are obtained while receiving angle θ changing, which is shown in Figure 1 and Equation 1.  
                                                                 λθ N=dsin2                                                  (1) 
Where d is the interplanar spacing, N is the order, usually when N = 1 the outputting beam’s 
wavelength is the required wavelength of beamline experimental station, when N>1 the corresponding 
wavelength corresponding to high harmonics which should be active controlled. Angle θ changes while 
crystal rotating, the outputting wavelength changes at same time. The required wavelength of experiments 
is obtained through choosing of the above parameters correctly.                                                                                   
                         
Fig.1 Sketch of Bragg Diffraction                                                                   Fig.2 Sketch of Double Crystal Monochromator 
 
The normal structure of double-crystal monochromator is shown in Figure 2. One of The diffraction 
plane of one crystal fixes in the rotary axis goniometer coinciding with the dial rotation to change the 
Bragg angle of the incident beam to obtain the required wavelength. The reflect surface of the two crystals 
is parallel. In order to keep the outputting beam height H fixed, the translation agencies of crystals are 
designed which move the crystals along the direction parallel to the crystal surface (X) and the direction 
perpendicular to the crystal face (y). The second crystal may be designed bending to change the curvature 
to focus outputting beam in a double-crystal sagittal monochromator, There are also precision fine-tuning 
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institutions for adjusting pitch angle, yaw angle and roll angle, in order to keep diffraction plane parallel 
of two crystals in the Darwin width.  
Crystal monochromator contains two parallel crystals with non-dispersive arrangement (+1 -1). The 
first crystal diffraction determine the wavelength of emitted light, and the second crystal diffraction 
determine the direction of the beam. The sagittal focusing crystal plane bending in the sagittal 
monochromator maintained in the meridional direction parallel with the first crystal can be obtained in the 
sagittal focusing high-intensity monochromatic X-ray. 
3.  Precision Control of Bragg angle 
Bragg angle axis is an important part in designing a monochromator. Since all of the load on the crystal 
flat driven by Bragg angle axis, the resolution (steps) and accuracy of Bragg angle axis can effect locating 
and rotating of crystals directly. When the Bragg angle error is Δθ, the wavelength error is caused by 
monochromatic shown in Equ.2. 
θθλ Δ⋅=Δ cos2d                                                           (2) 
Corresponding to the energy error is shown in Equ.3.                                                                                                             
                                                         θθ Δ−=Δ
hc
dE
E
cos2 2
                                                    (3) 
Takes a beam line of SSRF as an example, when require energy is 20Kev, the step is 6ev, and repeat 
accuracy is 18ev. If crystals are silicon, it can be obtained that the minimum Bragg angle step is 6 ", 
repeat accuracy is 18".  
Figure 3 shows the output beam energy error dimensional curve corresponding to the 5 ~ 20kev energy 
range and the -1°~1°Bragg angle error. Si (1,1,1) is the material in calculating the curve.  
It can be seen from the figure: the higher the energy output source is the same Bragg angle error caused 
by the larger energy error is; Bragg angle error greater is the greater the output of light energy error is.  
 
 
Figure 3  The energy of the different Bragg angle error 
4.  Tolerance of the crystal attitude 
There are three crystal attitude: yaw angle, roll angle and pitch angle defined as shown in Figure 4. 
Yaw angle rotates around the crystal surface normal direction, pitch angle rotates  around the Bragg angle 
axis, and roll angle rotates around the beam direction.  
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   Figure 4 The definition of attitude angle lens                                       Figure 5 Bragg Angle Error Caused by Roll Angle Error 
4.1 The first crystal 
Completion of The first crystal receives the inputting white light and reflects monochromatic light to 
the second crystal which reflects monochromatic light to a fixed position. 
When the yaw angle of the first crystal changes the normal direction of crystal surface has not changed, 
so the yaw angle error had no effect on the Bragg angle. The precision of yaw angle may not be required 
in engineering design. But the adjustment mechanism of yaw angle is kept in double crystal 
monochromator in order to avoid crystal defects.  
When the pitch angle of first crystal changes it is equivalent to changing of Bragg angle, which impacts 
on the output energy, as shown in Equation 3. The change can be compensated through rotating Bragg 
angle axis, so it is not necessary to design a pitch angle adjustment mechanism of the first crystal. 
Roll angle of the first crystal is the main factor caused the error. The crystal surface normal direction 
has the same deviation when the roll angle deviation is Δθ. If the Bragg angle is θ, the Bragg angle is 
shown in Equ.4 with considering roll angle Δθ. 
)cos.(sinarcsin' φθθ Δ=‘                                      (4) 
The Bragg angle error caused by roll angle is shown in Equ.5 
                                                            )cos.sin(sinarc- φθθθ Δ=Δ                                     (5) 
Bragg angle error of Bragg angle from 5° to 30° and roll angle from 0° to 1° is shown in Figure 5. It 
can be gotten from the figure that greater Bragg angle and larger roll angle cause greater the 
corresponding Bragg angle error. The analysis result shows that accuracy of Bragg angle can be controlled 
when the roll angle of the first crystal is considered separately within 1°. 
4.2 The second crystal 
The major function of the second crystal is to change the direction of the reflect beam to ensure the 
monochromator has a fixed exit beam. In general, the second crystal is a plane reflector as the first crystal. 
When we need convergence of the output beams, the second crystal can be bent along the sagittal 
direction, forming a concave mirror. This kind of monochromator is called sagittal focusing 
monochromator.  
The error caused by the pitch angle changing of the second crystal is linear, and it will affect the Bragg 
angle and the beam exit position. Trimming the adjusting mechanism of the pitch angle can achieve the 
pitch angle compensation, but the pitch angle precision is required higher than the Bragg angle accuracy. 
Roll angle of the second crystal has influence on the normal direction of the incident point of light, 
causing a change in Bragg angle, and the angle variation of the normal is equal to the roll angle. This has 
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no different with the first crystal, so the Bragg angle error caused by roll angle is the same as Equation 5.  
In the double crystal monochromator, the yaw angle of the second crystal has no effect on the Bragg 
angle. However, in sagittal-focusing monochromators, the second crystal has an arc surface, making the 
exit beam focusing. In this case, the yaw angle and bending arc surface will also bring changes in Bragg 
angle due to the slope change along the projection direction at the incident point of light, and the change 
of Bragg angle is shown in Equ.6. 
)cosarcsin(sin)sintan(a
22 R
x
xR
x
⋅−
−
Δ
−=Δ θγθθ
      
                                                                                                                                             (6) 
Where x is the deviation distance of the light incident point from the lowest point of the bended crystal, 
Δγ is the yaw angle, R is the bending radius. Supposing the beam width is 80mm, so the maximum of x is 
40mm. Setting R = 1 m, the Bragg angle error caused by the yaw angle and bending is shown in Figure 6. 
According to the calculation results, if only consider the effects of the yaw angle and bending of the 
second crystal, the yaw angle needs to be controlled within 0.1 °.  
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Figure 6. Bragg Angle Error Caused by Yaw Angle and bending 
5.  Conclusion 
In this paper, the analysis considered only the Bragg angle error and the output energy error, and in the 
actual project, the output energy requirements need to be allocated to the error, but also need to consider 
the output beam of fixed height, the beam divergence and other factors, on the double crystal attitude 
adjustment range and accuracy higher than the general request. Related analysis will be described in 
another paper.  
In the double crystal monochromator, Bragg angle error and the gesture of the double crystal have 
some effects on the accuracy of output energy. Through analyzing, pitch angles of the two crystals affect 
the Bragg angle error directly, and this can be modified by adjusting the Bragg angle or the pitch angle. 
The effects of roll angles of the two crystals is relatively small, if only consider roll angles, need to 
control the yaw angle in an order of magnitude as 1°. The yaw angle of the first crystal of has no effect on 
Bragg angle. If the second crystal is flat crystal, the yaw angle also has no effect on Bragg angle, and for 
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the bended crystal used for the focusing, bending and yaw angle have an effect on the Bragg angle, yaw 
angle should be controlled in an order of magnitude as 0.1 ° without considering other errors. 
Only the Bragg angle error and the output energy error are considered in this paper. But in the practical 
engineering, it is need to distribute the error according to the output energy requirements, and is need to 
consider the fixed height difference of exit beam and beam divergence, and so on. The requirements of the 
attitude adjustment range of the double crystal and the accuracy are higher than usual. Related analysis 
will be in another paper. 
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